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Abstract 
Aim: To compare serum level of matrix metalloproteinase 3 (MMP3) and tissue inhibitor metallo-
proteinase 1 (TIMP1) in vascular dementia patients and healthy control subjects. Methods: A case 
control study was carried out in Ain Shams University hospital, Cairo, Egypt. 32 cases with vascu-
lar dementia were collected and classified into 2 subgroups; vascular dementia of multiinfarct 
type (VDMI) 14 patients, and vascular dementia of subcortical type (VDSC) 18 subjects. 23 cases 
with normal cognitive functions were collected as control group. Cases were subjected to com-
prehensive geriatric assessment, neurological examination, neuropsychological testing and brain 
CT scan. Blood sample was collected to analyze serum level of matrix metalloproteinase 3 (MMP3) 
and tissue inhibitor metalloproteinase 1 (TIMP1). Results: Mean serum level of TIMP1 (20.85 × 
103 picogram/ml) was significantly lower than mean serum level of TIMP1 in control group (27.69 
× 103 picogram/ml) (p = 0.018). The same finding was also evident when comparing VDMI sub-
group mean serum TIMP1 (18.71 × 103 pc/ml) to control group (p = 0.025). There was no signifi-
cant difference between mean serum MMP3 levels in cases group (mean = 67.39 × 103) as com-
pared to control group (mean = 61.65 × 103 pc/ml) (p = 0.519). Conclusion: Patients with VD par-
ticularly VDMI has lower serum level of TIMP1 as compared to control group.  
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1. Introduction 
Vascular dementia is a decline in thinking skills caused by conditions that block or reduce blood flow to the 
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brain, depriving brain cells of vital oxygen and nutrients [1]. 
VD is diagnosed during lifetime in 20% of demented patients, and considered the second most frequent type 

of dementia after AD [2]. 
Estimated prevalence of VD varies from 1.2 to 4.2 percent of individuals over 65 years [3]. Prevalence in-

creased to about 3.6 percent in men and 5.8 percent in women, over the age of 90 years [4]. VD is the sever form 
of vascular cognitive impairment (VCI) [5] which may result from vascular dementia of subcortical type (VDSC), 
multi-infarct dementia (VDMI), single infarct (strategic infarct)dementia, hemorrhagic dementia and hypoperfu-
sion dementia [6]. Multiple strokes with loss of cognition occurring close to the time of the infarct are referred 
as multi-infarct dementia [7]-[9].  

Matrix metalloproteinases (MMPs) comprise a heterogeneous group of proteolytic enzymes whose main 
characteristic is the utilization of a metal ion to polarize a water molecule and perform hydrolytic reactions. The 
MMPs are a family of zinc-dependent neutral endopeptidases involved in physiological proteolytic degradation 
of various components of the extracellular matrix and basement membrane. MMPs play important roles in mul-
tiple physiological and pathological processes including angiogenesis, tumor invasion and metastasis [10]. 

MMPs and tissue inhibitor metalloproteinase (TIMPs) are localized in neuritic senile plaques and neurofibril-
lary tangles in the postmortem brains of patients with AD and contribute to AD pathogenesis by the disruption 
of the blood-brain barrier and promotion of neurodegeneration [11]. In addition studies had reported an associa-
tion between AD and MMP-2, MMP-9 and TIMP1 [11]. MMP3 was linked with neurodegenerative diseases, 
afunctional polymorphism in MMP3 in combination with apolipoprotein epsilon4 non-carriers leads to an in-
creased risk of Alzheimer dementia [12] other studies reported MMP3 being involved in Alzheimer’s disease 
pathogenesis [13]. 

As well as Metalloproteinases were associated with vascular brain lesions as reported an elevation of MMP9 
from 24 - 48 hours after stroke whereas MMP2 rises after 7 days during healing phase [14]. 

Regarding MMP3 studies has demonstrated that serum MMP3 level is significantly increased at acute stage of 
large artery atherosclerosis as well as small artery occlusion type strokes [15]. In addition An association of 
MMP 2, MMP9 and MMP3 in brains of patient with white matter lesions from stroke, multiple sclerosis and 
vascular dementia at autopsy studies was reported [16]-[19]. 

2. Materials and Methods 
2.1. Subjects 
32 cases with suspected vascular dementia were collected from A in Shams university hospital. After obtaining 
informed consent they were enrolled in the study. All aspects of the study were conducted in compliance with A 
in Shams university hospital ethical committee regulations. All patients were subjected to comprehensive geria-
tric assessment, neurological examination, neuropsychological testing and CT scan brain. Blood samples were 
collected from both cases and 23 controls subjects without cognitive impairment, who were recruited from Ain 
Shams University hospital outpatient for assessing MMP3 and TIMP1 after obtaining informed consent. Control 
subjects were all healthy and free from cognitive impairment (no history suggestive of cognitive decline, normal 
neuropsychologicaltesting). Cases capturing and collection of samples were carried out from February 2011 to 
July 2012. 

2.2. Diagnosis 
Attendants of geriatric outpatient clinic with cognitive impairment were assessed for history of stroke or focal 
neurological deficits and suspected cases of vascular dementia were further assessed by full detailed history in-
cluding symptoms analyses, drug history assessment and full examination including neurological examination 
and neuropsychological assessment. Brain CT scan was done to confirm radiological evidence of vascular injury. 
Brain MRI was done for selected patients for subgroup classification whenever CT results are inconclusive. Di-
agnosis of vascular dementia was carried out according to NINDS-Airen criteria for diagnosing vascular demen-
tia [20]. Subjects contain 2 subclasses; vascular dementia of multi-infarct type (14 case), vascular dementia with 
subcortical type which includes (cases of multiple lacunes (14 cases), cases with extensive periventricular white 
matter lesions (4 cases)). Controls were selected after confirming intact cognitive functions by history and ex-
amination. 
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2.3. Enzyme Linked Immunosorbent Assay of Serum 
Levels of MMP3 and TIMP1 were measured in serum by enzyme linked immunosorbent assay. 8 ml of blood 
were collected and allowed to clot at room temperature, then centrifuged at approximately 1000× g for 15 mi-
nutes. Serum was separated and aliquoted and stored at −20˚C for almost 5 months. Samples were diluted by 
adding 10 µl sample into 90 µl sample diluents buffer. Human MMP3 and TIMP1 standard solutions were add-
ed to precoated 96-well plate respectively then 0.1 ml of sample diluents buffer were added to control wells (ze-
ro well) and 0.1 ml of each properly diluted sample was added to each well. The plates were sealed and incu-
bated for 90 minutes. Then after empting the plates content a 0.1 ml of biotinylated anti human MMP3 and 
TIMP1 respectively were added to into wells and incubated at 37˚C for 60 minutes then plates were washed 3 
times with 0.01 M TBS. Then ABC working solution were added and incubated at 37˚C for 30 minutes. Then 
plates were washed 5 times with 0.01 M TBS. Then TMB color developing agent were added and incubated at 
37˚C in dark for 30 minutes then TMB stop solution was added and then we read the results [21] [22]. 

The data was collected coded and entered to a personal computer; the data was analyzed with the program 
statistical package for social science (SPSS) under windows version 7. Qualitative data is presented in form of 
frequency tables (numbers and percent) while quantitative data is presented in form of mean and range. Chi- 
square test was used for comparison of categorical data. And student t test was used for comparison of quantita-
tive data. 

3. Results 

A case control study was conducted. 32 cases and 23 controls. Both groups were matched for age (Table 1, p = 
0.164) and for gender (Table 2, p = 0.396). meanwhile cases and controls were matched for received years of  
 
Table 1. Comparison between cases and controls regarding; age, number of education years, serum levels of MMP3, TIMP1 
and MMP3/TIMP1 ratio.                                                                                      

 
Cases Controls T test 

Range Mean ± SDǂ Range Mean ± SD t p-value 

Age 60 - 87 69.3 ± 7.84 60 - 86 66.39 ± 7.39 1.41 0.164 

Years of education 3 - 16 8.6 ± 3.95 1 - 9 5.3 ± 2.87 1.79 0.093 

MMP3 2.5 - 110 67.39 ± 31.99 7 - 110 61.65 - 32.74 0.650 0.519 

TIMP1 10 - 41 20.85 ± 6.71 11 - 70 27.69 ± 13.78 −2.43 0.018* 

MMP3/TIMP1 ratio 0.11 - 9.09 3.726 ± 2.23 0.20 ± 6.67 2.96 ± 2.23 1.242 0.22 
* = significant (p < 0.05); ǂ = ×103 picogram/ml; MMP3 = matrix metalloproteinase 3; TIMP1 = tissue inhibitor metalloproteinase 1. 
 
Table 2. Comparison between cases and controls regarding; chronicillneses (diabetes mellitus, hypertension and ischemic 
heart disease) and gender difference.                                                                           

 
Cases Control Chi-square 

Number % Number % X2 p-value 

DM 
Yes 13 40.63 14 63.64 

2.761 0.097 
No 19 59.38 8 36.36 

HTN 
Yes 14 43.75 10 43.48 

0.00 0.984 
No 18 56.25 13 56.52 

IHD 
Yes 9 28.13 9 39.1 

.738 0.392 
No 23 71.88 14 60.9 

Gender 
Male 13 40.6 12 52.2 

0.72 0.396 
Female 19 59.4 11 47.8 

DM = diabetes mellitus; HTN = hypertension; IHD = ischemic heart disease. 
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education, cases were higher in received years of education (8.6 ± 3.95 year) compared to control group (5.3 ± 
2.87 years) but these difference was insignificant (Table 1, p = 0.093). 

Cases and control groups were matched for the occurrence of vascular risk illnesses as diabetes mellitus and 
hypertension (Table 2, p = 0.097, p = 0.984 respectively). In addition both groups were matched for the pres-
ence of other cardiovascular illness such as ischemic heart disease (Table 2 p = 0.039).  

The mean level of MMP3 in cases group was (67.39 × 103 PC/ml) which was higher than control group 
(61.65 × 103 PC/ml) though comparison between both groups was not significant (Table 1, p = 0.519). On con-
trary the mean serum level of TIMP1 (20.85 × 103 PC/ml) was lower than control group (27.69 × 103 PC/ml), a 
difference which was significant between both groups (Table 1, p = 0.018). 

The cases group was further subdivided into 2 subgroups depending on NINDS-Airen criteria. Group 1 con-
sisted of VDMI and group 2 consisted of VDSC. Serum levels of MMP3, TIMP1 were compared between both 
and between groups and the control group. 

Mean serum MMP3 level was (58.75 × 103 PC/ml, 73.33 × 103 PC/ml, 61.65 × 103 PC/ml) in VDMI sub-
group, VDSC and control group respectively (Table 3). 

There was no statistically significant difference in serum MMP3 level between dementia subgroups in com-
parison to each other (Table 3, p = 0.24) or in comparison to control group. 

Meanwhile mean serum level of TIMP1 was (18.71 × 103 PC/ml, 22.53 × 103 PC/ml, and 27.69 × 103 PC/ml) 
in VDMI subgroup, VDSC subgroup and control group respectively (Table 4). 

Mean serum TIMP1 level in multi-infarct subgroup was statistically lower than control group (Table 4, p = 
0.025). But there was no statistically significant difference between TIMP1 serum levels in subgroup compari-
son (Table 4, p = 0.112), or when comparing VDSC subgroup with control group (Table 4, p = 0.161).  

4. Discussion 
With the presence of many studies evaluated MMPs and their tissue inhibitors in Alzheimer’s dementia patients, 
still few studies concentrated on MMPS evaluation in patients with vascular dementia. Many of that studies 
 
Table 3. Comparison of serum level of MMP3 between vascular dementia subgroups and controls.                        

 Mean MMP3 ± SD 
×103 picogram/ml 

T test 

t p-value 

VDMI 59.75 ± 9.87 
−1.2 0.24 

VDSC 73.33 ± 6.39 

VDMI 59.75 ± 9.87 
−0.163 0.871 

Control 61.65 ± 32.74 

VDSC 73.33 ± 6.39 
1.22 0.230 

control 61.65 ± 32.74 

VDMI = Multi-infarct dementia; VDSC = Subcortical dementia; MMP3 = matrix metalloproteinase 3. 
 
Table 4. Comparison of serum level of TIMP1 between vascular dementia subgroups and controls.                               

 Mean TIMP ± SD 
×103 picogram/ml 

T test 

t p-value 

VDMI 18.71 
−1.638 0.112 

VDSC 22.53 

VDMI 18.71 
−2.34 0.025* 

Control 27.69 

VDSC 22.53 
−1.428 0.161 

control 27.69 
* = significant (p < 0.05); VDMI = Multi-infarct dementia; VDSC = Subcortical dementia; TIMP1 = tissue inhibitor metalloproteinase 1. 
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measured brain tissue MMPs expression or cerebrospinal fluid level but few studies assessed MMPs and their 
inhibitors in serum.  

The current study compared serum level of MMP3 and TIMP1 in vascular dementia subjects and cognitively 
intact control group. 

The current study did not found a difference between serum level of MMP3 in both vascular dementia and 
control groups. This was the finding in subgroup analysis also. This finding did not indicate a possible role of 
MMP3 in the pathological process of vascular dementia in contrast to role MMP3 plays in Alzheimer’s dementia. 
This can be partially explained by the fact that MMP3 has indirect important role in proteolytic activation of 
pro-MMPs [23] which may play a direct role in vascular dementia. Again some studies reported a role of MMP3 
together with MMP2 and MMP9 in disrupting the Blood brain barrier following ischemia [24], this injurious ef-
fect may be detected within short period after ischemic stroke insult, and then disappeared.  

While TIMP1 serum level was lower in vascular dementia cases compared to control subject’s. Again with 
studding TIMP1 serum level in vascular dementia subgroups and compare it between subgroups, the same dif-
ference was evident with VDMI subgroup in comparison to control subjects. A finding that is in alignment with 
the finding of lower plasma levels of TIMP1 in vascular dementia patients when compared to control and Alz-
heimer’s disease patients [25]. 

The current study finding support the the fact that TIMPs plays other roles than MMP dependent inhibition; 
TIMPs have cytokine like functions [26], proliferation and phenotypic differentiation of fibroblast [27]. 

This finding also coincides with new rationale of using MMP inhibitors for the treatment of stroke and vascu-
lar dementia [28].  

5. Conclusion 
The current study concluded that patients with VD particularly VDMI has lower serum level of TIMP1 as com-
pared to control group. This finding highlights the presence of a role of TIMPl in the pathogenesis of vascular 
dementia. The significant role of metalloproteinases and their tissue inhibitors in vascular dementia is an area for 
further research and possible theraputic target in vascular dementia management.  
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